@@@
\\\\\\\
\\\\\\
\\\\%\\\\
et
\\\\%\\\\
et

w\\\\

\\\\\@‘

®

‘3.\\

oy
\2%
:

-
@\\\\

‘V\

\\\\\%\\\

S

\x@
\\\\w
7

\\\\\\\\\\\\\\\\k

Ken Mundt, Ph.D.

7,

3
]
)

.w\

P

\\\&&

\\\\\w\
g
P

s

\\N

@\\\

-,\\\

(2
\\ %
feb?
\3&\\\
]
H
\§

€ ENVIRON

ED_014350_00000034-00001



Overview of Epidemiology Issues

- EPA’s draft IRIS conclusions

— All leukemias
- Myeloid leukemias

- The NRC report and its criticisms

» Standard methods for critical review and
synthesis of epidemiological evidence

« Recent critical review (Checkoway, Boffetta,
et al., 2012)




EPA - IRIS Conclusion: All leukemia

“While the epidemiologic evidence for a causal
association between formaldehyde and all
leukemia as a group is not at strong as for all LHP
as a group, the repeated identification of an
association in multiple meta-analyses taken
together with the clear causal association between
myeloid leukemia demonstrated by Hauptmann et
al. (2009) and the consistent evidence reported by
Beane Freeman et al. (2009) are sufficient to
conclude that there is a causal association between
formaldehyde exposure and mortality from all
leukemia as a group.”

Draft IRIS Review - page 4-182




EPA - IRIS Conclusion: Myeloid leukemia

“Given the consistency of the positive associations
for formaldehyde with myeloid leukemia cancer
mortality across five of the six studies (Hauptmann
et al., 2009; Pinkerton at al., 2003; Hayes et al.,
1990; Stroup et al., 1986; Walrath and Fraumeni,
1984, Walrath and Fraumeni, 1983; but not Beane
Freeman et al., 2009), the statistically significant
meta analysis by Zhang et al. (2009) and the
convincing results from Hauptmann et al. (2009),
the human epidemiologic evidence is sufficient to
conclude that there is a causal association between
formaldehyde exposure and mortality from
myeloid leukemia.”

Draft IRIS Review - page 4-184/5




NRC Report

« Released in April 2011

» Criticized Draft IRIS Report methods:
—Lack of transparency in EPA review process
—Failure to evaluate strengths and weaknesses

—“Lumping” in causal conclusions of all
lymphohematopoeitic (LHP) malignancies and
other subsets of different cancers

—|gnoring exposure metrics and the fact that
exposure measurements are lacking in most of
the epidemiology studies




Standard Methods for Review and
Synthesis of Epidemiological Evidence

* Clearly describe how literature was
identified and selected

- State criteria used to determine study
qguality and “weighting” of study evidence

+ Assess strengths and weaknesses of “key”
studies

- Address major types of bias, sample size,
—Quality of exposure measures

* Provide tables summarizing evidence




Recent Critical Review

« Checkoway, Boffetta et al., 2012, “Critical
review and synthesis of the epidemiologic
evidence on formaldehyde exposure and
risk of leukemia and other LHP
malignancies’

« Forest plots: leukemias, myeloid leukemia,
chronic lymphocytic leukemia, lymphomas
and non-Hodgkin lymphoma

» Lack of exposure data for most studies,
exception: Beane Freeman

« The evidence as presented:




Figure 1 Forest plot of formaldehyde exposure and leukemias

STUDY RE [95% CI]

Industry
Wong 183 (formaldehyde=prod plant 118 [0.13, 4.25] ) {
Robinzon 1887 plyweod prad) 058 002 14867 }
Partanen 1983 (woodplywood prod) 140 [0, 751]
Acliekovic 1995 (aulo iron foundry) 043 [0.05, 157]
Dell and Tets 1085 (plastics migr) 058 050, 170]
Band 1857 {ulp & paper wark) 08 083 119
Repiti 1887 {chemical plant) 114 [0.27, 4.89]

1
4
1
Coggon 2003 {production) 081 082, 1.3)
Finkerton 2004 {(garment migr) 108 [070, 183]

'

i
1

Ambroize 2005 (pest control work) 442 [0.1, 2464]

Beane Freaman 2008 (production) 102 [085, 127]
Professional
Levine 1984 {undertokers) 160 [044, 4.10] 4
Siroup 1986 (anatomists) 180 [0.70, 2.70] —
Matanowski 1989 (pathologizis) 135 082, 182] __*_a
Hall 1991 {pathologists) 125 026, 38] 1 )
Hauptman 2008 {embalming) 300 [1.00, 850 ¥
Population =bhased
Linos 880 (farm occupations) 070 [0.30, 1.20] —
Linoz 880 thealth occupations) 084 [040, 210
Hanzen 1095 (oo hx, pension rec)! 100 [080, 140]
Steliman 1988 (wood dusts) 055 [054, 171]
I I I 1 | L I l i l I LI II 1 1 l I I II 1 1 1 1 LI lI
0.01 0.10 1.00 10.00 100.00

*Formaldehwde expozure estimated
from questionnaires or occupational
hiztory records.
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Figure 2 Forest plot of formaldehyde exposure and myeloid leukemia

STUDY BE [95% CIf

Finkerton 2004 (garment migr) 144 [080, 2.37] —+—
Beane Freeman 2000 {woduction) 020 [087, 121] +

Hauptmann 2009 {embalming) .20 (130, $660] T

0.01 010 1.00 10.00 100.00
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Figure 3 Forest plot of formaldehyde exposure and chronic lymphocytic leukemia

STUDNY

Finkerton 2004 {gwment migr)

Beanie Freasman 2009 {produsction)

Travaih 2000 {(Expesures estimated)y”

Wong 2010 (wood & fumilire work)

“Form aldeliyle aqposure estimated
o GquUesionna¥es of oCcu patonal
Ristory records.

Partonen 1993 (wood/phywoood procd}

Fesgsbrmessr 2008 Jesmbalnisg )

FE fosss Oi)
QED A2, 1.75] +
145 [OF3, 159 +
100 [0.73, 1501 poo ]
190 [0.34, 870 +
0.01 0.10 1.00 10.00 100.00
Figuwre 4 Forest plot of formaldehyde exposure and vmphomas
RE [oo% Ol
A0 [OFF, 18e0]
10 [D5SD, 2.10)
0.1 010 1.00 10.00 100.00
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Figure 5 Forest plot of formaldehyde exposure and non—Hodgkin lymphoma

STUDY

Industry

FRobingon 1987 (plywoaod pred)
Partanen 1883 {(wood/plywood prod)
Dall and Tela 1266 (plasiics migr)
Coggon 2003 (procuciion)
Pinkerton 2004 {garment migr)
Besne Freeman 2008 (production}

Professional

Stroup 1986 (anatomists)
Mataneoski 1989 {pathologizia)

Population =bazed

Gerin 1989 {exposures estimated)*
Blair 1093 (expozurez eslimated)*
Henzen B85 {pcc hx, pension rec)t
Tatham 1997 (sxposures sstinmied)*
Steliman 1898 {(wood dustz)

Tranah 2009 {(cxposures colimated)*
YWang 2000 (exposures estimatedy
Wong 2010 {org chems, chem fibers)
Wong 2000 (chem workers)

Wong 2010 {wood & fumiture work)

"Formaldehyde amposure estimated
from cuedionnaires of occupdliona
history records.

RE [95% CI]

250 [068, 6.48]
424 [068, HH0]
085 [0.11, 160]

088 [067. 139
085 [0.28, 159]
085 [0.70, 1.08]

070 [0.10, 2.80]
131 [0.66, 2.35]

080 [050, 1.40]
120 [080, 170]
080 [080, 120]
120 [086, 150]
092 [050, 168]
100 [087, 120]
130 [1.00, 170]
068 [036, 137
160 [063, 4.06]
154 [087, 2.70]

e

—m—

0.1

0.10

100.00
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Conclusion:

‘At present, there is no consistent or
strong epidemiologic evidence that
formaldehyde is causally related to any of

the LHM.”

Checkoway, Boffetta, et al., 2012.




Does Formaldehyde Cause
Nasopharyngeal Cancer (NPC)?

« Epidemiological evidence is inconsistent
— Does not generally support a causal connection

— Limited to an excess of NPC cases in a single plant in the
NCI study

« The evidence as presented (Bachand, 2010):




Forest Plot for NPC Study Data
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Nasopharyngeal Cancer

- Epidemiological evidence from cohort and case-control
studies is inconsistent. Does not generally support a causal
connection between formaldehyde exposure and
nasopharyngeal cancer.

- Epidemiological evidence is limited to an excess of
nasopharyngeal cancers in one plant included in the NCI
cohort study (Blair et al. 1986; Hauptmann et al. 2004).

» Nine other plants in this cohort, two other large cohort
studies (Coggin et al. 2003; Pinkerton et al. 2004), and
several smaller cohort studies do provide no evidence for
increased risk.




Epidemiological Basis for Causal
Conclusions

« With few exceptions, the epidemiological literature
on formaldehyde exposure and leukemia risks
consistently demonstrates

- No statistically significant risks among exposed workers;
— No consistent associations with various exposure metrics

« Similarly, the epidemiological literature on NPC
risk demonstrates little consistency and largely has
been driven by an NPC cluster at a single facility

¢ Critical review and strength of evidence evaluation
fails to support causal associations between
formaldehyde and these diseases




